The vertical pattern in the distribution and abundance of the plankton has been investigated extensively in various sea areas, particularly since the work of Russell (1925) , as well as in varied inland waters, and it appears to have become a classical subject of plankton study. It has provided a basis for the analysis of migratory behaviours of different plankton organisms, and the ecological importance of vertical distribution and migration has been considered in different ways. The detailed observations on spatial distributions of plankton have evoked much interest in heterogeneity and variability in plankton, leading to the concept of patch structure or patchiness of the plankton (Barnes & Marshall, 1951; Cushing & Tungate, 1963) .
The small-scale pattern in space and microdistribution have also been attached wide concern, together with theoretical studies on the processes generating spatial structure (Cassie, 1959b (Cassie, , 1963 Richerson, Powell, Leigh-Abbott & Coil, 1978; Haury, McGowan & Wiebe, 1978) . However, the vertical profiles have been obtained mostly for the plankton in the upper layers of the waters of ample depths.
It has been widely noticed that in a very shallow water few animal species are represented in the daytime plankton samples. This is suspected, in one way, to be a reflection of their escape from the tows by staying close to the bottom surface. Indeed, this has been demonstrated by a considerable amount of the zooplankton caught by a epibenthic trawl from the layer of 0-20 em above the sea bottom, that "would not have been adequately sampled with the usual vertical or oblique net tow" (Bieri & Tokioka, 1968) . It seems, however, that the vertical distribution of plankton animals in a very shallow water has not been paid much attention, where the water is not deep enough to allow them to complete such extensive vertical migration as has frequently been reported. Thus, most of the investigations on shallowwater plankton have resulted to show horizontal variations in composition and abundance.
The primary object of this study was to examine the vertical distribution of plankton animals inhabiting the near-shore water shallower than 10 m in depth.
In this paper, we are particularly concerned with the diurnal and seasonal changes in the vertical pattern in the distribution and abundance of dominant species in the studied area, i.e. three copepod species, Oithona ocellata) Pseudodiaptomus marinus and Acarticia steweri) and one mysid species, Anisomysis aikawai) focusing the attention to their occurrence in the hypoplankton. We wish to thank our colleagues at the Seto Marine Biological Laboratory for their help in collecting the materials and for much discussion. We are also indebted to Dr. M. Murano and Mr. T. Ueda for identifying mysids and copepods respectively. One of us (A. V.) would like to acknowledge his gratitude for the grant from the Japan Ministry of Education for giving him the opportunity to study at the Seto Marine Biological La bora tory.
Materials and Methods
The series of stratified plankton samples were collected at two sites in the nearshore shallow water over the sandy flat bottom along the north beach of the Seto Marine Biological Laboratory. The sampling sites were intended to be in the similar environmental conditions and were about 200m apart from each other, about 300m off the shore and more than 100 m from the nearest rocky reefs, with depths ranging from 7 to I 0 m with tide. According to the daily hydrographical records of surface water taken by the Laboratory on the north shore in the past several years, surface temperatures fluctuated from about rooc in winter to 28°C in summer and surface salinities rarely fell down below 30%o. Remarkable daily fluctuations and vertical variations in water temperature have not been noticed in the shallow water studied.
A bottom plankton net was designed, which was much the same to the multilevel net (Fager et al., 1966) or the epibenthic dredge (Gunter, 1957) or the dragonet II (Bieri & Tokioka, 1968) in the principal construction and function. The square mouth opening was 50 em wide and 20 em high and was divided into three horizontal sections, 5, 5 and 10 em high respectively from bottom to top, to the metal frame of each section of which the net made of GG72 gauze with mesh opening of 222 tt was separately attached, so as to collect the stratified samples of hypoplankton simultaneously. This net, fitted with sledges on both sides just beneath the lower edge of the mouth opening, was pushed underwater along the sea bottom over a distance of 10m with the aid of the scuba diving techniques. A standard conical net with same mesh opening was also employed and hauled vertically from a small boat from about 50 em above the sea bottom to the sea surface. The zone of 20-50 em from the sea bottom was not sampled, so it should be remembered that the results and discussions given in the present paper are relevant only to the layers of 0-5 em, 5-10 em, 10-20 em and 50 em-surface.
The collections were made in July, August and October 1978 and January and April 1979. Each site was sampled twice a day in day and at night, and four repeated hauls with each net were obtained at each site at each time of collection.
The hauls were counted in the laboratory and the sample means and standard deviations of the densities per m 3 of water were calculated. Only the adults were counted for the copepod species. Anisomysis aikawai were separated into five groupings by developmental stage as follows and were counted separately. Stage I: young juvenile, length (from the apex of rostrum to the tip of telson) up to 1.5 mm; telson with 3 spines on lateral margins and 4 spines on each apical lobe; secondary sexual characteristics not developed. Stage II: young juvenile, length up to 2.5 mm; telson with 3-4 spines on lateral margins and 5 spines on each apical lobe; pleopods not fully developed; appendix masculina in male very small and round, without sensory bristles; marsupium not developed in female. Stage III: advanced juvenile, length up to 3.2 mm; telson with 4 spines on lateral margins and 6 spines on each apical lobe; male 4th pleopod extending to the half length of 5th abdominal somite, with 3-jointed exopod; appendix masculina conical in shape, without sensory bristles; marsupium being formed. Stage IV: immature male and female, length up to 3.8 mm; telson similar to that in the previous stage; male 4th pleopod extending to the end of 5th abdominal somite; appendix masculina of typical adult shape, bearing two tufts of a few sensory bristles; marsupium developed. Stage V: mature male and female, length up to 5.2 mm; telson with 6-7 spines on each apical lobe; appendix masculina well developed, with many sensory bristles; eggs or youngs present in female marsupium. The size at which the secondary sexual characteristics develop differs evidently between different seasons. The elongation of the fourth pleopod in male and the development of the marsupium in female are noticeable in the specimens of 3.6 mm in length in July, August and October, whereas they are not detectable in the specimens less than 4.2 mm in length in January.
Results

Population Compositions and Variations
Mean densities and standard deviations, calculated from the counts of the hauls, are given in Table I . Variations in the calculated density among the replicate hauls are generally fairly large, but differences between layers, between day and night, between months and between species are far more evident and larger.
Oithona ocellata
This species occurred in most of the layers of both sampling sites throughout the year. Maximum densities were attained in August, whereas the densities remained low in January to April.
Pseudodiaptomus marinus
The populations were comparatively small in this species and there was a complete disappearance ofthem in January. They increased and attained their maxima in April. 
Acartia steweri
This species occurred in most of the layers throughout the year, but the seasonal fluctuations in density and population size were remarkable. Although the densities increased slightly in October, the populations were rather small during summer through winter and showed a sudden, considerable increase in April.
Anisorrrysis aikawai
The populations in July consisted mainly ofjuveniles with a few mature breeding adults. The population increased in August and decreased in October, though the compositions were not much different from that in July. The populations were still at low level in January, but the breeding adults increased relatively in number. The maximum densities were attained in April for nearly all stages.
Although the mature adults of stage IV were completely absent from the October hauls, and the breeding adults were few, the breeding adults occurred in the hauls of all months, indicating that breeding continued throughout the year with the spring intensive period.
Vertical Distribution Patterns
In order to figure and compare the patterns in depth distribution, the percentage of total of the calculated number of individuals in each layer of vertical column of water was calculated from the density. The results were shown in Figs. 1 and 2. 
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The depth distributions obtained were generally similar, the majority of the population being found in the bottom layers both day and night throughout the year, with the sole exception at Site A in the daytime in January. Within the bottom layers, the difference in the vertical abundance gradient is noticeable. The greatest numbers were found in the 5 em layer immediately above the sea bottom at night throughout the year and in the daytime in summer months, whereas in the daytime in October to April the abundance maxima were in the 5-10 em or the 10-20 em layer above the sea bottom.
Pseudodiaptomus marinus
The depth layers of maximum concentration were 0-5 em above the sea bottom in the daytime, except in April, and 50 em-surface at night. The bimodal vertical pattern in percentage distribution was notable in the daytime in April, as well as in the daytime in August at Site B and at night in April at Site A, with two layers of concentration at 0-5 em above the sea bottom and 50 em-surface.
Acartia steweri
In the daytime, a large part of the population occurred in the bottom layers, at 0-5 em above the sea bottom in July and at 5-20 em in August, October and April, except in January when the majority of the population were found at 50 em-surface. The main concentration at night was observed distinctly in the 50 em-surface zone, except in April when the abundance peak was obscure.
Anisomysis aikawai
The day and night vertical distributions were evidently different, except in April when the densities were highest, but there was no significant difference in vertical pattern of distribution between sampling sites or developmental stages. By day, the majority of the population were found in the near-bottom layers, the layer of the abundance peak mostly being 0-5 em above the sea bottom. The large part of the population occurred in the upper layer of 50 em-surface occasionally at night, but the densities were smaller than that in the deeper layers. In April, although the densities found in the upper layer at night were not much different from that in other months, the majority of the population were concentrated in the deeper near-bottom layers both day and night.
Discussion
The high values for the standard deviations of the calculated densities among the replicate samples were recorded for all the species examined throughout the sampling period at both sampling sites. Although the replicate hauls were taken close each other only to cover 10m in distance in hypoplankton collection or some 7 to 10m in depth in ordinary vertical towing, the populations of these species can not be assumed to be uniform within this range of space. Cassie (1959b Cassie ( , 1963 has reviewed the approaches made to the microdistribution of a spatial scales of less than a metre and discussed the significance of microdistribution. The heterogeneity on this scale of the plankton community in density and composition has been demonstrated (Cassie, 1959a; Della Croce & Sertorio, 1959; Anraku, 1975) and the occurrence of patches of plankters on spatial scales of a few tens of metres or less has been shown or suggested (Emery, 1968; Clutter, 1969; Wiebe, 1970; Smith, Miller & Holton, 1976; Anraku, 1979 Anraku, , 1980 . The variability in density of the present species may probably be associated with patchy distribution of small-sclae in them.
The difference between day and night percentage depth distributions is evidently shown in all the present species, with some seasonal differences in their patterns. There is general resemblance between these species, and the majority of the population stay mostly in the layers close to the sea bottom in the daytime, while large numbers appear in the upper zone at night, except for Oithona ocellata, suggesting the marked diurnal vertical migration in them. In Oithona ocellata, the majority of the population remain also in layers near the sea bottom at night, in any season of the year, that implies that this species is a typical hypoplankter in this region.
Seasonal changes are apparently discernible particularly for daytime distributions. The occurrence of a large part of the population in the upper layer in the daytime was recorded for Oithona ocellata and Acartia steweri in January and for Pseudodiaptomus marinus in October and April. Even within the layers within 20 em off the sea bottom, larger numbers occurred exclusively in upper layers in Oithona ocellata in October, January and April and in Acartia steweri in August, October and April. Thus, the general trend of seasonal change in daytime vertical distribution is figured as the occurrence of larger numbers in upper layers in colder seasons and the restriction to the immediate bottom layer in warmer seasons. Since the populations are smallest in January and large in other months, this trend can not be explained on the basis of density effect or competition alone and better will be understood in relation to the seasonal aspects of their life and activities.
The vertical patterns of distribution in Anisomysis aikawai are not much different between the developmental stages. Although the majority of each stage generally occur in the upper layer at night in July to January, individuals of more advanced stages tend to remain in bottom layers in July, in contrast to that ofyounger stages in January. The daytime populations are concentrated in the layer immediately above the sea bottom in July and August, but tend to occur more in upper layers in October to April. In April, when the populations are largest, the vertical distribution patterns at night resemble those in the daytime, the majority remaining in the layers within 20 em off the sea bottom. Clutter (1969) reports for Metamysidopsis elongata in La Jolla region that this species occur in layers of 5 em to 1 m off the sea bottom during the day and largely remain there at night. He also states that the mysids caught at the sea surface at night were mostly juveniles, but, near the sea bottom, the vertical distributions of the various subgroups by developmental stage are not significantly different. His results accord well with the patterns of vertical distribution in April in the present species, Aniso~sis aikawai, but not with those in other seasons. Since April is the intensive breeding season for this species, and if copulation occurs only at night and efficiently through social behaviour to result in aggregation, as Clutter (1969) has observed and discussed for Meta~sidopsis elongata, in the present species as well, the concentration of the population in the layers near the sea bottom may be related to breeding activity, although the vertical pattern in January, when the populations comprise mainly breeding and immature adults, can not be explained on the same basis.
The pronounced concentration of the population to the defined layers near the sea bottom in the daytime, as well as in some cases at night, has been evidently demonstrated, and the differences in abundance even between the thin layer of 5 em from the sea bottom and the next thin layers have been elucidated to occur in all species studied. The vertical pattern of microdistribution near the sea bottom may be taken as an indication of how the occurrence of a plankton species is related to the bottom-depth, substratum, configuration, etc. This implies that the horizontal distribution of a plankton species, particularly that which exhibits vertical migration and stays some time near the sea bottom, may also is some way be influenced or restricted by the bottom, the necessity of recognition of interdependence of vertical and horizontal distributions.
Summary
l. Four replicate stratified plankton hauls were obtained in day and at night at two sampling sites selected in a shallow near-shore water in Tanabe Bay during July 1978 to Aprill979. 2. Densities of three copepods, Oithona ocellata, Pseudodiaptomus marinus and Acartia steweri, and one mysid, Anisorrrysis aikawai, were calculated from their counts and the vertical patterns of distribution were figured and compared. 3. Densities fluctuated considerably with season, attaining summer maxima in Oithona ocellata and spring maxima in the rest species. 4. The concentration of the population in the layers at 0--20 em from the sea bottom in the daytime and the occurrence of a large part of the population in the 50 emsurface zone at right were generally observed in the species, except Oithona ocellata. Vertical patterns in microdistribution near the sea bottom were elucidated. 5. Diurnal and seasonal changes in vertical distribution were compared between species and developmental stages, and their meanings were briefly discussed.
Riassunto
Due differenti stazioni di acque basse costiere sono state esaminate bella Baia di Tanabe (Giappone) compiendo due campionamenti di plancton, rispettivamente di giorno e di notte. Ogni campionamento era composto di quattro differenti repliche. I dati ottenuti hanno permesso di calcolare la densita di tre copepodi, Oithona ocellata, Pseudodiaptomus marinus, Acartia steweri, e di un misidiaceo Anisomysis aikawai e le modalita della loro distribuzione verticale. Le densita presentano notevoli fluttuazioni stagionali e raggiungono i massimi in estate per Oithona ocellata e in primavera per le altre specie. Tutte le specie mostrano una massima concentrazione durante il giorno negli strati posti da 0-20 em dal fondo, mentre durante la notte gran parte delle popolazioni, tranne Oithona ocellata che non presenta rilevanti movimenti migratori, occupa la colonna d'acqua compresa tra la superficie e i 50 em al di sopra del fondo. Le varie specie, inoltre, presentano differenti microdistribuzioni verticali che possono variare in rapporto alia densita delle specie e ai loro differenti stadi di sviluppo.
